ABSTRACT: The pharmaceutical and device industry has greatly contributed to diagnostic and therapeutic approaches in reproductive medicine in a very highly regulated environment, ensuring that development and manufacturing follow the highest standards. In spite of these achievements, collaboration between industry and physicians/academia is often presented in a negative context. However, today more than ever, partnership between industry and academia is needed to shorten the timeline between innovation and application, and to achieve faster access to better diagnostics, drugs and devices for the benefit of patients and society, based on complementary knowledge, skills and expertise. Such partnerships can include joined preclinical/clinical and post-marketing research and development, joint intellectual property, and joint revenue. In Europe, the transparency of this collaboration between pharmaceutical industry and medical doctors has been made possible by the Compliance and Disclosure Policy published by the European Federation of Pharmaceutical Industries and Associations (EFPIA), which represents the major pharmaceutical companies operating in Europe, and includes as members some but not all companies active in infertility and women's health. Under the EFPIA Disclosure Code of conduct, companies need to disclose transfers of value including amounts, activity type and the names of the recipient Health Care Professionals and Organizations. EFPIA member companies have also implemented very strict internal quality control processes and procedures in the design, statistical analysis, reporting, publication and communication of clinical research, according to Good Clinical Practice and other regulations, and are regularly inspected by competent authorities such as the US Food and Drug Administration (FDA) or European Medicines Agency (EMA) for all trials used in marketing authorization applications. The risk of scientific bias exists not only in the pharmaceutical industry but also in the academic world. When academics believe in a hypothesis, they may build their case by emphasizing the arguments supporting their case, and either refute, refuse, oppose or ignore arguments that challenge their assumptions. A possible solution to reduce this bias is international consensus on study design, data collection, statistical analysis and reporting of outcomes, especially in the area of personalized reproductive medicine, e.g. to demonstrate superiority or non-inferiority of personalized ovarian stimulation using biomarkers. Equally important is that declarations of interest are reported transparently and completely in scientific abstracts and publications, and that ghost authorship is replaced by proactive and clear co-authorship for experts from industry where such co-authorship is required based on the prevailing ICMJE criteria. In that context, however, reviewers should stop believing that publications by industry authors only, or by mixed groups of co-authors from industry and academia, are more prone to bias than papers from academic groups only. Instead, the scientific quality of the work should be the only relevant criterion for acceptance of papers or abstracts, regardless of the environment where the work was done. In the end, neutrality does not exist and different beliefs and biases exist within and between healthcare professionals and organizations and pharmaceutical industries. The challenge is to be transparent about this reality at all times, and to behave in an informed, balanced and ethical way as medical and scientific experts, taking into account compliance and legal regulations of both industry and academic employers, in the best interest of patients and society.
Introduction
Today, relationships between industry and medical doctors are often viewed negatively. The Editorial Team of Human Reproduction deserves a lot of credit for bringing this topic, still taboo for many, to the Table of the public debate within the reproductive medicine and women's health community. My contribution to this debate is based on my experience as a medical-scientific leader in both the pharmeutical industry and academic reproductive medicine. As Vice-President and Head of Global Medical Affairs Fertility at Merck KGaA headquarters in Germany (ongoing role for 18 months, appointed in October 2015), my role is to provide medical and scientific leadership within the fertility therapeutic area. This is currently my main responsibility in terms of investment of time and effort. As a professor in reproductive medicine (ongoing role for more than 20 years, joint clinical and academic coordinator of Leuven University Fertility Centers for 20 years , initial academic appointment in 1996 at KU Leuven/ University of Leuven, Belgium), my role is to do preclinical and clinical research and teach in the area of reproductive medicine and biology.
My move to industry has been very interesting and challenging. It was stimulated by more than 10 years experience as a key opinion leader in academia advising industry in preclinical development, clinical development (Phase II-IV trials), diagnostics, biomarkers, patient centered health and health economic studies. This move to a new role in global reproductive health was also positively influenced by my consultancy for 8 years as a senior consultant for the Department of Research in Human Reproduction at the World Health Organization (D'Hooghe, 2016) . Indeed, the industry environment is fundamentally different from not only the clinical, medical and hospital world and the academic, research and teaching environment, but also from international professional organizations, such as ESHRE, ASRM, SRI, IFFS and WHO. Yet, all I have learned during 20 years in academic reproductive medicine has prepared me greatly for my current role in global reproductive health in the industry. Obviously, my current industryrelated medical and scientific efforts are related to the differentiation and innovation of our portfolio of fertility drugs and technologies. While this focus may bring a certain limitation when compared to complete academic freedom (which is in practice often limited by availability of funds, people, expertise and time), it also increases focus and creates many opportunities to work together with healthcare professionals and researchers in reproductive medicine and biology, for the advancement of diagnostics, therapeutics and overall treatment approaches in reproductive medicine.
In this paper, I wish to share my view that there is major value in bringing industry and medical doctors and academia closer together, for the benefit of science, patients and society.
The essential role of industry in reproductive medicine today
Reproductive medicine is an area, unlike cancer or cardiovascular disease, with very low research funding from public resources in most countries worldwide, and with low reimbursement from national health services in most countries worldwide. In such a context, collaboration between academia and industry is not only a result of this situation but also an opportunity to join forces and to avoid duplicated work. Clinical scientists are usually interested in preclinical translational research projects and in clinical trials that may lead to improvements in diagnosis or treatment. A better understanding of each other's role may actually allow more collaboration, which would be of benefit to all parties if done in a transparent and highly qualitative way.
Today, the practice of reproductive medicine would be unthinkable without the contribution of industry to development and manufacturing of both fertility drugs and technologies. Fertility drugs like gonadotrophins (FSH, LH and HCG) (Ludwig et al., 2002; Lunenfeld, 2002; Lehert et al., 2014; Peeraer et al., 2015; Ata and Seli, 2015; Humaidan et al., 2017) and GnRH agonists/antagonists (Al-Inany et al., 2016) are important for effective ovarian stimulation and ovulation triggering in order to obtain multiple mature and high quality oocytes in one cycle and to reduce time to live birth in patients. Indeed, there is clear evidence that the cumulative live birth rate per patient is correlated with the number of oocytes recovered after one ovarian stimulation cycle (Sunkara et al., 2011; Drakopoulos et al., 2016; Vaughan et al., 2017) . The choices for physicians to balance the importance of the number of oocytes versus the risk of ovarian hyperstimulation syndrome (OHSS) have been greatly expanded with flexible ways to determine not only the FSH starting dose, using a variety of blood or ultrasound biomarkers such as AMH, FSH and AFC and clinical markers such as female age, BMI and previously recovered number of oocytes, but also to adapt the gonadotrophin dose as needed with small dose changes of 12.5 IU, at any time during ovarian stimulation, to decrease the risks of either OHSS and poor ovarian response (La Marca and Sunkara, 2014; van Tilborg et al., 2016; Allegra et al., 2017) . Oocytes can be successfully fertilized and embryos can be cultured in vitro up to the blastocyst stage using ever improving culture media and incubators (Youssef et al., 2015; Svontouris et al., 2016) . Luteal phase support with progesterone containing products has been well demonstrated to increase reproductive outcomes after both fresh and frozen embryo transfer cycles (Van der Linden et al., 2015) and after ovarian induction for intrauterine insemination (Green et al., 2017) . At present, it is possible to manage emerging OHSS risks during ovarian stimulation by GnRH agonist triggering combined with either personalized luteal phase support using progesterone, estrogen and low dose HCG, or with a freeze all strategy (Engmann et al., 2016) . Indeed, the success of vitrification of both oocytes and embryos, with close to 100% warming survival rates, has completely changed reproductive medicine for patients, with options for repeated ovarian stimulation/freeze all cycles in poor ovarian responders and in patients requiring multiple oocytes and embryos for relevant PGD or PGS Blockeel et al., 2016; Rienzi et al., 2017) . A wealth of industry based technology now allows the assessment of ovaries, gametes, embryos, endometrium and early pregnancy: advanced ultrasound imaging in 2D or 3D with associated computer algorithms (Grozmann and Benacerraf, 2016) , advanced molecular genetic assessment of oocytes and embryos (Dahdouh et al., 2015; Fragouli and Wells, 2015) , and continuous embryo monitoring and assessment of embryos at the moment of embryo transfer Aparicio-Ruiz et al., 2016) . Active research is aimed at better understanding and improving embryo implantation in the uterus after transfer (Garcia-Velasco et al., 2016) . All these advancements which directly serve patients, are made available to physicians, embryologists and patients by industry in a very highly regulated environment, ensuring that the development and manufacturing of both drugs and devices follow the highest standards.
The value proposition for collaboration between industry and academia
Many of the developments listed above have been initiated and/or developed by scientists working in industry together with clinical scientists and academics, or vice-versa. Some of the latter have patented their discoveries, partnered with or created their own company, in order to make their invented products available to patients worldwide. Overall, this is a major success story, illustrating the essential value of collaboration between industry and academia. Indeed, industry values the opinion of key opinion leaders and medical and scientific experts, to understand the current state of the art, unmet needs, future trends, preclinical, clinical and postmarketing research, and development and innovation in reproductive medicine. Medical doctors and scientists contacted by industry for collaboration are usually among the best researchers with deep biomedical knowledge and extensive experience. It does not make sense to exclude them 'by definition' from contributions to expert groups, consensus projects, scientific meetings, or guideline development groups, as this would be an insult to their capacity of thinking independently. Instead, full and mandatory disclosure is needed. It is also important to realize that these experts are usually favorable referees and editorial board members for journals as well. The solution is not exclusion, but mandatory and controlled disclosure of financial payments and other remunerations.
Let us embrace the opportunity of collaboration: increasing partnership between industry and academia, can result in joined preclinical and clinical development, joint intellectual property (IP) and joint financial revenue. This is a positive perspective on how this collaboration can serve patients, science, society and business. In my view, after 22 years in academic medicine and 18 months in a senior executive/vice-president medical affairs role in industry, the future is more collaboration, not less (D'Hooghe, 2016) . In the interest of not only both industry and academia, but more importantly also patients and society, the paradigm is evolving beyond internal company pipeline development to joint projects between industry and academia in preclinical, clinical and post-marketing research and development. This requires the mutual recognition of scientific excellence in both industry and academia, joint IP and joint revenue, and will shorten the pathway and time to get innovative products on the market, which is ultimately to the benefit of patients, health authorities and tax payers. In this context, industry also needs, now perhaps more than ever before, top clinical scientists with ample experience in research and patient care who are willing not only to advise, but also to make the transition to full-time or part-time employment in industry, thereby ensuring that industry has the experts needed for innovation and development, and is completely transparent about this to the external world.
Compliance policy and disclosure in collaboration between pharmaceutical industry and medical doctors: leading role of the EFPIA At present, the European Federation of Pharmaceutical Industries and Associations (EFPIA) has a very clear compliance policy describing interactions between the pharmaceutical industry and medical doctors. The EFPIA, which represents the European pharmaceutical industry, is the EU voice of 1900 companies. These companies are engaged in research and development, aiming to bring patients new medicines that will improve global health and quality of life.
In the next paragraphs, the EFPIA compliance policy and disclosure code (http://transparency.efpia.eu/uploads/Modules/Documents/ efpia_about_disclosure_code_updated-march-2016.pdf) is decsribed in more detail.
Collaboration between industry and healthcare professionals (HCPs) and healthcare organizations (HCOs) benefits patients. This relationship has delivered many innovative medicines, with major impact on how diseases affect the lives of patients. The area of collaboration between industry and HCPS includes not only clinical research, but is also about sharing optimal clinical practice and exchanging information on how the patient care pathways may be affected and improved by new medicines. According to EFPIA, a fair compensation should be provided to HCPs because they provide valuable and legitimate expertise and services to industry. All hospitality granted to physicians has to be reasonable and strictly limited to the main purpose of an event. As a consequence, EFPIA members may not invite medical doctors on luxury cruises to expensive dinners in 3-star restaurants, or to other activities that might be seen as extravagant or renowned for entertainment.
In the context of increasing societal expectations on transparency, companies have started to greatly increase the transparency of this highly regulated and vital relationship. Indeed, since 30 June 2016, companies have been disclosing transfers of value made to HCPs, such as consultancy and advisory board membership, speaker fees and sponsorship to attend meetings. This transformational step in the relationship between industry and health professionals is a result of the EFPIA Disclosure Code.
The EFPIA Disclosure Code represents a code of conduct. Under this code, not only all EFPIA member companies but also companies that are members of EFPIA member associations are required to disclose transfers of value to HCPs and HCOs. This requirement includes the disclosure of names of HCPs and HCOs that have received payments or other transfers of value from industry. Disclosure, by the HCP or HCO, is needed for total amounts of value transferred and activity type. Activities may include a grant, a consultancy fee for speaking or advising, payment for travel, or registration fees for a medical education event. On 30 June 2016, the first disclosures were made public for value transfers made to HCPs or HCOs in 2015. A public platform is the place where this information has to be published. This platform can be a central platform (combining data from several companies in a country) or can be located on the website of the company. This EFPIA disclosure code was developed to protect the integrity of relationships between industry and HCPs or HCOs. It is an important step forward towards establishing greater transparency and trust between the European pharmaceutical industry, and the medical community and society.
The EFPIA Disclosure Code, formally adopted by the EFPIA General Assembly on 24 June 2013, applies to all EFPIA corporate member companies as well as member companies of member associations that are not directly members of EFPIA. The majority of pharmaceutical companies operating in Europe are EFPIA members. A list of EFPIA member companies and member associations (including the countries where they have activities) can be accessed at www.efpia.eu/aboutus/membership. At present, among the companies manufacturing fertility products, only Merck, MSD and TEVA are full members of EFPIA. Company spending on research and development is disclosed in aggregate. (More information is available at www.efpia.eu/disclosure.)
It is also worth noting that research and development, and in particular clinical trials, are subject to transparency legislation under the EU Clinical Trial Regulation (2001/20) and the European Medicines Agency Transparency Policy (Policy 0070). The names of investigators working on industry-sponsored trials are publicly disclosed in the Clinical Study Reports published by the EMA.
Quality control in design, analysis, reporting, publication and communication of clinical research conducted by, or in collaboration with, the pharmaceutical industry EFPIA member companies have also implemented very strict internal quality control processes and procedures in the design, analysis, reporting, publication and communication of clinical research according to the applicable regulations, such as Good Clinical Practice (GCP) and others. Compliance with these requirements is also regularly inspected by competent authorities such as the FDA or EMA for all trials used in marketing authorization applications.
Study design and analysis
In many companies, each research proposal is reviewed by different functions representing competencies in medical knowledge, clinical development, statistical expertise, pharmacovigilance, also taking into account overall compliance rules, regulatory matters and legal considerations. Only proposals that have been approved by all these functions can be developed into a final protocol and, in case of studies initiated by external clinical or scientific investigators, be eligible for funding. In clinical studies, statistical analysis needs to be predefined in a statistical analysis plan with clear primary and secondary efficacy outcomes and specific analysis of safety aspects. In my experience, company internal quality control processes are much stricter in Merck than in any university or hospital environment I had worked in previously.
Obviously, there are areas where more consensus is needed between industry and academia. For example, in the area of personalized reproductive medicine, it is important to have international agreement on the appropriate design for studies comparing the added clinical value of personalized ovarian stimulation using biomarkers. Traditionally, when comparing different drugs for ovarian stimulation in ART non-inferiority randomized controlled trials (RCTs), it has been standard practice to compare the primary outcome using the same starting dose for test drug and control drug for the first 4-6 days, followed by dose adaptation in line with the personal follicular response from each patient (Andersen et al., 2006; Devroey et al., 2012; Rettenbacher et al., 2015; Strowitzki et al., 2016; Humaidan et al., 2017) . However, when comparing a fixed gonadotrophin starting dose with a personalized starting dose based on biomarkers, most (van Tilborg et al., 2016 , Allegra et al., 2017 but not all (Andersen et al., 2017) investigators have compared the same brand of drug in both arms of the study. Obviously there is a major risk of bias that the groups differ not only with respect to the starting dose, but also with respect to drug brand, as has been highlighted recently (https:// www.fertstertdialog.com/users/16110-fertility-and-sterility/posts/12852-23086#comment-4479).
At the same time, we need to acknowledge that there is risk of scientific bias in both the pharmaceutical industry and in the academic world. When academics believe a hypothesis, they will build their case by emphasizing the arguments supporting their case, while refuting, refusing, opposing or ignoring arguments against their case. To reduce the risk of bias, there needs to be international consensus on the study design, analysis and reporting of outcomes (Wilkinson et al., 2016) . This has been done in reproductive medicine for the reporting of infertility RCTs (Harbin Consensus Conference Workshop Group, 2014) but could be prioritized by leading global organizations like ESHRE, ASRM, IFFS, WHO, and is much needed in the area of personalized reproductive medicine. In order to make real progress here, it is important to invite senior medical and scientific experts from the pharmaceutical industry to participate in these consensus meetings, to benefit from their scientific input and experience in a transparent way, and to ensure that they apply the consensus in their own trials. Such a mature collaboration between a world leading scientific society and industry has been successfully achieved by the World Endometriosis Society with industry representatives contributing to and co-authoring reports of consensus meetings on management and research priorities for endometriosis (Johnson et al., 2013; Rogers et al., 2017) .
In the design of RCTS addressing clinical outcomes of personalized ovarian stimulation, consensus is needed on the percentage relative improvement or the non-inferiority margin for which preferable reproductive outcome can be considered as added value, taking into account feasibility, cost and the perspective of stakeholders such as patients, physicians, industry and third party payers. A clear differentiation of primary outcomes and secondary outcomes and a prespecified statistical analysis plan and post-hoc analysis is also mandatory, as currently results from post-hoc analyses are often claimed as the 'main results'.
In addition, consensus on safety outcomes for such trials is also needed, including not only general safety outcomes such as avoidance of OHSS or venous embolism but also specific reproductive safety outcomes such as preclinical miscarriages, ectopic pregnancies, clinical miscarriages. More specifically, it is important not only to differentiate and define preventive measures taken during ovarian stimulation to prevent excessive ovarian response (e.g. gonadotrophin dose adaptation during ovarian stimulation, type and dose of ovulation triggering, coasting), but also to define and differentiate measures taken during oocyte retrieval to prevent OHSS (e.g. albumin administration, other medication, choice of luteal phase support). In this context, the consensus recently published on the consistent capture, classification and reporting of OHSS , based on a collaboration between investigators from academia, private clinical practice and industry, needs to be applied by all investigators planning future trials on ovarian stimulation in reproductive medicine.
Scientific reporting or publication and declaration of interest
One of the most important gatekeepers to ensure the quality of scientific reporting and publication, is the quality control of international peer review of papers in medical journals and of abstracts at international meetings, and we all know that this process is complex, not perfect, and prone to its own bias. In this context, the quality of the work should be the only relevant criterion, regardless of where the work was done in academia, industry or mixed environments. Here, industry faces a prevailing mentality, among some reviewers or editors in medical journals, that research originating from industry is more likely to be biased. Here I plead for complete transparency, with publications where co-authors are selected only based upon ICMJE criteria, and where appropriate with joint co-authorships for experts employed by industry and consultants who have received ad hoc payments from industry. It could even be considered that the exact amounts of these consultancy fees are included in the declaration of interest forms required by most medical journals.
We need to recognize that, to the best of our knowledge, there is no systematic oversight or control to ensure the completeness of declarations of interest in publications, presentations, educational events, clinical guideline development groups, etc. Such oversight or control would probably not be easy, but could be prioritized by international organizations and journals in reproductive medicine. Once the declaration of interest is complete and correct, collaboration with industry should not be a reason to automatically refuse an individual's participation in clinical guideline development groups, as long as there is sufficient agreement about the individual's scientific rigor and objectivity. If an academic works together with industry, and is paid by industry, it does not mean that he/she cannot think independently. For most academics/scientists working with industry, personal scientific integrity is more important than the amount of consultancy fees. I, like many others, have consulted for industry for many years, and have enjoyed the focus, professionalism, and energy associated with my contract-based work in industry environments, without losing my academic independence. On the contrary, the new knowledge and insights based on this industry-academic collaboration has greatly inspired my academic and clinical work.
In the end, neutrality does not exist. We all have our beliefs and therefore our biases. The challenge is to be transparent about it at all times, and to behave in an informed, balanced and ethical way as medical and scientific experts, taking into account the compliance and legal regulations of both industry and academic employers, in the best interest of patients and society.
Discussion
The main content of my opinion expressed in this paper can be summarized as follows:
(1) Partnership between industry and academia is needed for faster development and access to better diagnostics, drugs and devices for the benefit of patients and society. Such partnerships are built on joint interests in improving diagnostic and therapeutic options for patients, and can be realized by joint preclinical, clinical and post-marketing research and development, joint intellectual property and joint revenue. (2) In Europe, under the EFPIA Disclosure Code of conduct, EFPIA member companies need to disclose transfers of value including amounts, activity type and the names of the recipient HCPs and HCOs, and have very strict internal quality control processes and procedures for the design, statistical analysis, reporting, publication and communication of clinical research. If all companies, operating in reproductive medicine and women's health in Europe, would be EFPIA members, there would be less confusion and more transparency and standardization regarding the mutual relationship between the pharmaceutical industry and HCPs and HCOs. (3) Scientific bias exists not only in the pharmaceutical industry but also in the academic world. When academics believe in a hypothesis, they may emphasize the arguments supporting their case and refute, refuse, oppose or ignore arguments challenging their assumptions. A solution to such bias may be international consensus on study design, data collection, statistical analysis and reporting of outcomes, especially in the area of personalized reproductive medicine. (4) Equally important is that declarations of interest are reported transparently and completely in scientific abstracts and publications, and that ghost authorship is replaced by proactive and clear co-authorship for experts from industry, particularly where such co-authorship is required based on the prevailing ICMJE criteria. In that context, however, reviewers should stop believing that publications by industry authors only, or by mixed groups of co-authors from industry and academia, are more prone to bias than papers from academic groups only. Instead, the scientific quality of the work should be the only relevant criterion for acceptance of papers or abstracts, regardless of where the work was done.
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